Introduction
Vasculitis is an inflammatory process of the blood vessel wall. In the 2012 Chapel Hill Consensus Conference nomenclature of vasculitis, the classification is based on the size of the vessels involved, on the histopathology of the lesions and on clinical manifestations ( table 1 ) [1] . Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a small-vessel vasculitis characterized by necrotizing inflammation of small vessels (including small arteries, arterioles, capillaries and venules) in conjunction with ANCA. AAV comprises microscopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA, previously Wegener's granulomatosis) and eosinophilic GPA (EGPA, previously Churg-Strauss syndrome) [1] . AAV is a group of multisystem autoimmune diseases and the most commonly involved organs are the kidneys and lungs [2] .
ANCA are serological hallmarks for AAV. ANCA are predominantly IgG class autoantibodies directed against constituents of granules of neutrophils and lysosomes of monocytes. By indirect immunofluorescence (IIF) on ethanol-fixed neutrophils, two fluorescence patterns of ANCA are distinguished: the cytoplasmic staining pattern (cANCA) and the perinuclear staining pattern (pANCA). Most patients with a cANCA pattern obtained by IIF have ANCA directed against proteinase 3 (PR3), as determined by antigen-specific ELISA. Patients with pANCA mostly have ANCA directed against one of a variety of antigens, but in primary small-vessel vasculitis, the target antigen is almost invariably myeloperoxidase (MPO). The combinations of a cANCA pattern by IIF with PR3-ANCA by ELISA and a pANCA pattern by IIF with MPO-ANCA by ELISA are very specific for AAV [3] . In Western countries, PR3-ANCA are most frequent in patients with GPA and MPO-ANCA in patients with MPA, respectively [2] , but levels of circulating ANCA do not always reflect disease activity [4] .
Prevalence of AAV in China
AAV is one of the most common autoimmune diseases in Caucasians. Most of the studies on its prevalence have been conducted in Europe, the USA, Australia and Japan in a secondary care setting. It was reported that in European countries the overall annual incidence was approximately 10-20 per million and the peak age of onset was 65-74 years [5] . The annual incidence of GPA is 10-12 per million and the annual incidence of MPA is 3-10 per million in Northern Europe, while in Southern Europe MPA appears to be more frequent than GPA. EGPA is much less common than GPA or MPA, with an annual incidence of 0.5-2.0 per million [6] . In the Japanese population, MPA is much more frequent than GPA, but the overall annual incidence of AAV is similar to that in European populations [6] . Systemic vasculitis has been reported to be associated with exposure to silica particulate [6, 7] . Infections and ge- netic backgrounds are also suggested to be possible etiological factors [6] . The precise incidence of AAV in the Chinese population is still lacking. It was reported that in consistency with studies from Western countries, AAV could affect people of all ages, with elderly people being more susceptible, and the kidneys and lungs were the most vulnerable organs [8, 9] . In our referral diagnostic center in Peking University First Hospital, over 200 new patients with AAV are diagnosed annually; this indicates that AAV is not rare in Chinese [10] . In 2014, Zhu et al. [11] analyzed the renal disease spectrum of 430 elderly patients ( ≥ 65 years) who had received renal biopsy between January 2003 and December 2012. Secondary glomerular diseases were diagnosed in 157 patients (36.5%), and ANCA-associated glomerulonephritis (44.0%) was the leading cause of the secondary glomerular diseases. In patients with acute kidney injury (19.5%), the leading cause was AAV (48.1%). These data indicate that AAV is relatively common in secondary glomerular diseases and a common cause of elderly Chinese patients with biopsy-proven acute kidney injury, but we could not exclude a selection bias since it was a single-center study.
Regarding the disease spectrum, there is a striking preponderance of MPA, constituting about 80% of patients with AAV [8] . This is in contrast with many Caucasian populations, especially in Northern Europe at high latitudes, where GPA is much more common. Accordingly MPO, rather than PR3, is the major target ANCA antigen in Chinese patients [12] , even in patients with a clinical picture of GPA, 60% of them with ANCA specificity for MPO [13, 14] . Compared with patients with 'classical' PR3-ANCA-positive GPA, the prevalence of ophthalmic and ear involvement was significantly lower, and the prevalence of elevated initial serum creatinine was significantly higher in patients with MPO-ANCA-positive GPA [13] . In renal histology, chronic lesions were more abundantly present in patients with MPO-ANCA-positive GPA than in those with PR3-ANCA-positive GPA [14] . Our further investigation suggested that MPO-ANCA IgG4 subclass might play a role in the development of MPO-ANCA-positive GPA [15] . The preponderance of MPO-ANCA and MPA is an epidemiological characteristic of Chinese patients with AAV. Whether these differences are caused by genetic or environmental factors is not clear.
Although individuals at all ages can be affected, over 40% of our patients were older people [16] . Compared with younger patients, older patients were more likely to suffer from MPA than GPA [16] . It was found that pulmonary involvement was more prevalent and more severe in older patients than in younger ones [9, 16] . Those findings indicated that patients with different ages might have different susceptibility to variant disease entities and organ involvement of AAV.
Genetic factors might contribute to the development of AAV, as mentioned above. In Chinese patients several studies have suggested associations between AAV and different HLA loci. HLA-DRB1 * 1454 was significantly less prevalent than in normal controls, whereas DRB1 * 1101 was significantly more frequent in patients with MPO-ANCA-positive MPA. In patients with PR3-ANCA, DRB1 * 1202 was more prevalent than in normal controls [17] . HLA-DPB1 variant rs3117242 was found to be associated with GPA in the Han Chinese population [18] .
A recent development in AAV is the increasing recognition that certain drugs could induce AAV. Among these drugs, the most often implicated one is propylthiouracil (PTU), a widely used anti-thyroid drug in China [19] . Though 15-64% of patients receiving PTU have serum-positive ANCA [20] , our early screening found that only one fourth of patients with positive ANCA had clinical vasculitis [19] . We also found that there were antibodies against multiple ANCA-specific antigens, especially the antigens rather than MPO and PR3 in PTU-induced ANCA. Patients with antibodies against more ANCA-specific antigens might be at increased risk of developing overt clinical vasculitis [21] . Patients with PTU-induced AAV have less organ involvement and milder lesions on renal histology compared to those with primary AAV [22, 23] . Compared with MPO-ANCA in primary AAV, MPO-ANCA in PTU-induced AAV shows lack of IgG3 subclass as well as lower affinity and recognizes restricted epitopes on the MPO molecule [15, 24] .
The histopathological hallmark of ANCA-associated glomerulonephritis is pauci-immune crescentic glomerulonephritis (CrGN). In the majority of patients with pauci-immune CrGN, the renal disorder is regarded as part of AAV. The majority of patients with pauci-immune CrGN have serum ANCA. However, some patients with pauci-immune CrGN lack ANCA. Our previous observational study found that about one third of patients with pauci-immune CrGN were ANCA-negative. Compared to their ANCA-positive counterparts, ANCA-negative patients have higher levels of proteinuria, poorer renal outcome and less constitutional and extra-renal symptoms than ANCA-positive patients [25] . Further investigation found that the extent of neutrophil activation and degranulation, the pathways of complement activation as well as the prevalence and target antigens of antiendothelial cell antibodies were different between patients with ANCA-negative pauci-immune CrGN and ANCA-positive one [26] [27] [28] [29] . These findings suggested that ANCA-negative pauci-immune CrGN represents a distinct disease entity independent of ANCA-positive pauci-immune CrGN.
Management of AAV
Left untreated, AAV is usually fatal, with a 6-month mortality rate of about 60% and a 1-year mortality rate of about 80% [30] . Since the introduction of immunosuppressive therapy, in particular glucocorticoids in combination with daily oral cyclophosphamide (CTX), the outcome of AAV has dramatically improved. Remission is achieved in about 85% of patients under such regimens [31] . Today, patients with AAV are treated according to disease stage and activity. On the principle that more severe disease requires more aggressive therapy, the European Vasculitis Study Group (EUVAS) devised a system for subgrouping AAV presentations for different treatment regimens [32] . Plasmapheresis is recommended for patients with severe acute renal failure, diffuse pulmonary hemorrhage or co-existence of antiglomerular basement membrane antibody [31, 33] . In a randomized controlled trial named MEPEX and raised by the EUVAS, in 137 patients who had rapid renal function deterioration and were on dialysis (serum creatinine >500 μmol/l) at presentation, compared with intravenous methylprednisolone pulse therapy, plasmapheresis was found to be associated with a higher rate of renal function recovery at 3 months and dialysis-free survival at 12 months [33] .
As described above, the cornerstone of treatment for AAV has been the introduction of corticosteroids in combination with daily oral CTX. However, the oral CTX regimen has severe side effects, including secondary infection, bone marrow suppression, hemorrhagic cystitis and bladder carcinoma. The toxicity associated with oral CTX administration has prompted studies of alternative immunosuppressive therapy. Several randomized controlled trials compared the efficacy and safety of oral CTX versus intravenous CTX for induction of remission. Similar rates of remission resulted from these two regimens, and intravenous CTX was associated with a lower cumulative dose and less side effects [34] .
Based on the presumed pathogenic potential of ANCA, B cell-targeted therapy has been evaluated. Rituximab was proved to have equivalent efficacy to CTX in initial treatment and did not cause more adverse effects. Rituximab and glucocorticoids are recommended in patients without severe disease or in whom CTX is contraindicated [35, 36] .
After the induction of remission by CTX, less toxic drugs instead of CTX should be used for maintenance of remission, such as azathioprine, methotrexate, leflunomide or mycophenolate mofetil. Among these medications in maintenance therapy, azathioprine is suggested as the first choice [37] . In 2014, Guillevin et al. [38] reported that their preliminary data indicated that maintenance treatment with rituximab was superior to azathioprine for preventing relapses. However, this finding needs further investigation.
Recently, alternative complement pathway activation has been proved to play an important role in the pathogenesis of human AAV [39, 40] . In particular C5a, which is generated in complement activation, plays a critical role in ANCA-mediated neutrophil activation [41] . Therefore, inhibition of C5a is a potential therapy approach for AAV. The clinical trial of CCX168, a smallmolecule antagonist of human C5aR, in humans is underway (ClinicalTrials.gov No. NCT01363388).
The treatment for Chinese patients with AAV is consistent with the above recommendations from Western countries. In the early years intravenous CTX was also applied for maintenance of remission [13, 16, 42] . Rituximab in initial treatment is a relatively new treatment regimen in China, and clinical studies on efficacy, side effects and long-term outcomes are still lacking.
Outcomes of AAV in China
Mortality and Secondary Infection As mentioned above, before the introduction of immunosuppressive therapy, the prognosis of AAV was poor. Active vasculitis per se was the most common cause of death at that time. The employment of CTX and corticosteroids substantially improves the prognosis. However, secondary infection substituted active vasculitis to be the leading cause of death thereafter. In a prospective study by the EUVAS, a total of 524 patients with newly diagnosed AAV were recruited and 56 patients died in the first year of follow-up. Therapy-associated adverse events, in particular infection, resulted in many more deaths than active vasculitis per se (28 vs. 8 cases) [43] . In China, our recent study included 398 patients with AAV and 135 (33.9%) died during follow-up, with 83 deaths within the first 12 months after diagnosis. Secondary infection was the leading cause of death (39 cases) during the first year after diagnosis. Secondary infection was also an independent predictor of death. Other independent predictors of all-cause mortality included older age, pulmonary involvement of AAV and initial renal function [44] . In a subgroup study of patients with rapidly progressive glomerulonephritis (RPGN) who were on dialysis at diagnosis, 89 patients were recruited and followed up for 6 months. Infection remained the most common cause of death (9/19, 47.4%), followed by active vasculitis (5/19, 26.3%) [45] . This indicated that even in patients with severe ANCA-associated glomerulonephritis, secondary infection, rather than active AAV, is the leading cause of death.
Since secondary infection is a crucial cause of mortality, special efforts were made to investigate the predictors of secondary infection. In the abovementioned study by Lai et al. [44] , 39 patients died due to secondary infection within the first year. Further analysis revealed that age, initial renal function, lymphocyte count in the peripheral blood and underlying pulmonary involvement of AAV were found to be independently associated with secondary infection [44] . Our later study revealed that the CD4 lymphocyte count had a higher predictive value than the total lymphocyte count for overall infections [46] . Those findings from the above studies remind physicians to pay special attention to patients at high risk of infection, such as patients with higher age or renal insufficiency or those with pulmonary involvement of AAV. Monitoring the total lymphocyte count, especially the CD4+ lymphocyte count, also becomes increasingly important during immunosuppressive therapy. In some less developed areas where CD4+ lymphocyte count is not available, monitoring total lymphocyte count is also useful since it is correlated closely with the CD4+ lymphocyte count level [46] . Protocols for prevention of infections, such as vaccination and Pneumocystis carinii pneumonia prophylaxis, are helpful to improve the prognosis.
If the AAV patients successfully escaped early mortality, i.e. active vasculitis per se and infection, chronic complications, in particular malignancy and cardiovascular events, would emerge to the surface. Our recent study found that after 12 months from diagnosis, cardiovascular events become the leading cause of death of AAV patients [44] . Therefore, future studies on these issues in AAV patients are of special interest.
Relapse and Treatment Resistance
Another two important issues of outcomes are relapse of AAV and treatment resistance. When immunosuppression was tapered and eventually stopped, relapses were common in AAV despite initial good control. Relapses were associated with subsequent progression to end-stage renal disease (ESRD) [47] . Several studies were carried out to identify risk factors for relapse and treatment resistance in AAV in Western countries. In two large cohort studies from the USA and France, it was found that PR3-ANCA, lung or upper airway involvement were factors associated with relapse, while age, female, black ethnicity, MPO-ANCA and severe kidney disease might be predictors of treatment resistance [47, 48] . In our recent study which recruited 439 Chinese patients with AAV, treatment resistance occurred in 47 of 439 (10.7%) patients and was independently associated with higher serum creatinine levels. Relapse affected 128 of 392 (32.7%) patients achieving remission and was independently associated with lung involvement and lower serum creatinine level [42] . A study by Chang et al. [49] including 152 patients with AAV found DRB1 * 0405 to be an independent risk factor of treatment resistance. Another study by Cao et al. [50] which recruited 98 patients with AAV found that female gender and severity of renal disease at presentation were predictors of treatment resistance, and PR3-ANCA and pulmonary involvement were predictors of relapse. The results from the two centers showed some differences, but both studies indicated that patients with severe renal involvement had a lower chance of remission. Since these patients are at higher risk of adverse effects of treatment, especially infection, decisionmaking in treatment protocols needs to take all the above issues into consideration. The mechanism of association between elevated serum creatinine and a lower risk of relapse may be the immunosuppressive state caused by renal insufficiency [51] .
Early recognition of relapses is also very crucial in clinical practice. Our previous study found that relapses in AAV were likely to begin with the same organ as in the initial onset [52] , which facilitates early recognition of relapses.
Biomarkers which can reflected disease activity or predict relapses are of clinical interest. Neutrophil gelatinase-associated lipocalin (NGAL) is a biomarker of neutrophil degranulation, which is an important aspect in the pathogenesis of AAV. It was found in our study that the levels of serum NGAL closely correlated with the Birmingham Vasculitis Activity Score as well as the level of erythrocyte sedimentation rate, C-reactive protein and ANCA [53] . Other biomarkers which could reflect the disease activity of AAV include circulating and urinary levels of high mobility group box-1, circulating levels of anti-plasminogen antibodies and circulating levels of Ddimer [54] [55] [56] [57] .
Renal Function Restoration and ESRD
The kidney is one of the most common organs involved in AAV [2] . In 2010, Berden et al. [58] proposed a histopathological classification of ANCA-associated glomerulonephritis, and patients were classified as focal, mixed, crescentic and sclerotic ANCA-associated glomerulonephritis, respectively. During follow-up, the phenotypical order of categories (focal, crescentic, mixed and sclerotic) corresponded to the severity of renal function loss. A study by Chang et al. [59] including 121 Chinese patients with AAV re-evaluated this classification for its prognostic capacity and found this system could predict ESRD, with some difference in sequence compared to the study of Berden et al. The probability of progressing to ESRD increased with ascending categories of focal, mixed, crescentic and sclerotic glomerulonephritis, which is different from Caucasian patients. It was revealed that the histopathological system of Berden et al. could independently predict renal outcome, particularly the development of ESRD, in Chinese patients with AAV.
RPGN is the most severe form of renal lesion in AAV. Renal restoration is a pertinent issue for this subgroup of patients. Our recent study included 89 Chinese patients with ANCA-associated glomerulonephritis who suffered RPGN and were on dialysis at the time of diagnosis. It was found that percentages of normal glomeruli, extent of tubular atrophy and extent of interstitial fibrosis in the renal specimens were predictors of renal function restoration [45] .
In our abovementioned study [49] on genetic predictors of outcomes in Chinese patients with AAV, DRB1 * 0405 was found to be an independent risk factor of ESRD in AAV patients. However, it is necessary to validate our results in an independent cohort. Information on predictors for different outcomes of AAV patients may be helpful in treatment decision-making in clinical practice. The main findings of the research cited in this paper are listed in table 2 .
Conclusions
AAV is a multisystem autoimmune diseases and it is not rare in the Chinese population. There is a preponderance of MPA and MPO-ANCA in Chinese patients with AAV. The predictors of various outcomes are, to some extent, different from those from Western countries. Chang et al. [49] , 2012 lower percentages of normal glomeruli, severity of tubular atrophy, interstitial fibrosis 1 Li et al. [45] , 2013
